Abstract
of the discrete compositional breakage matrices introduced by Fistes and Tanovic (2006) .
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Theory
68
The breakage equation for roller milling of wheat in its cumulative form is
where D is the input particle size, x is the output particle size, P 2 (x) is the proportion by mass
where X pe is the proportion of the whole wheat that is Pericarp, X al is the proportion of the contain more Endosperm material, the larger particles more bran material (i.e. Pericarp and M A N U S C R I P T
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Consider the total proportion of outlet particles smaller than size x, given by P 2 (x). These 96 particles, as a whole, are made up of a proportion of Pericarp, a proportion of Aleurone, a
97
proportion of Endosperm, and a proportion of Germ. The total amount of particles smaller 98 than size x is made up of the total Pericarp that is in particles smaller than size x, plus the 99 total Aleurone that is in particles smaller than x, plus the total Endosperm that is in particles
100
smaller than x, plus the total Germ that is in particles smaller than x. Mathematically: 
151
The preceding paragraphs have focussed on cumulative probability density functions. The 152 probability density function for component i in its non-cumulative form, ρ i (x), is defined as:
154
The quantity ρ i (x)dx is the proportion of the total component i that is in particles of size x,
155
x+dx. Multiplying this by the total proportion of component i in the material as a whole gives 156 the total of the material as a whole that is component i and that is in the size range x, x+dx.
on the Pericarp total and distribution, showing that they are equivalent. This equivalence is 161 expressed mathematically as:
162
X i ρ i (x)dx = ρ 2 (x) y i (x)dx (8) where ρ 2 (x) is the probability density function describing the outlet particle size distribution, and y i (x) is the concentration of component i in particles of size x. Thus the amount of 165 material defined by the brown area in Figure 2 is the value of the probability density function
166
for Pericarp at that point, ρ pe (x), multiplied by dx and by the total proportion of Pericarp, X pe . This is equal to the total amount of material in the range x+dx multiplied by the concentration of Pericarp in that total, y pe (x). 
and in its non-cumulative form:
186
Equations 11 and 12 allow both the particle size distribution, and the composition of each 187 size fraction, to be described by a single equation. This simplifies the problem to establishing probability density function well suited to describing the particle size distributions arising 219 from roller milling of wheat, and having a cumulative form that is easy to fit and is then 220 differentiable. Assuming this function has the flexibility to describe Y i (x) as well, from 221 which ρ i (x) could be obtained by differentiation, Eqn. 13 then allows y i (x), the concentration 222 of component i in particles of size x, to be calculated as the ratio of these two probability 223 density functions. This approach, involving fitting a cumulative probability density function
224
to the accumulated data, is likely to deal with inaccuracies in the experimental data more effectively, and to yield more meaningful descriptions of the compositional breakage functions, than attempting to fit the concentration data directly. isolated as in previous works from the same author from various common wheat cultivars.
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235
(Germ constitutes about 3% of the grain; its omission adds an error of a magnitude that is 236 within the analytical error of the method.) Different milled streams arising from debranning,
237
conventional milling and bran fractionation were produced from two French wheat varieties.
238
The spectra of botanical tissues and milled fractions were collected with a FTIR coupled with 239 an ATR device. The biochemical markers technique studied by the same author was used as 
Materials and Methods
247
In order to demonstrate the compositional breakage equation approach, in the current work a 248 hard UK wheat, Mallacca (average hardness = 52.5, average mass = 47.6 mg, average 249 diameter = 3.26 mm after conditioning, as measured by the Single Kernel Characterisation
250
System Model 4100 (Perten Instruments, Sweden)) and a UK soft wheat, Consort (SKCS 251 hardness = 33.9, average mass = 34.7 mg, average diameter = 2.89 mm after conditioning)
252
were conditioned to 16% moisture (wet basis). 100 g samples were milled on the Satake 253 STR100 mill (Satake Corporation, Hiroshima, Japan) at a roll gap of 0.5 mm under Sharp-to-
254
Sharp (S-S) and Dull-to-Dull (D-D) dispositions, and separated by sifting into eight fractions 255 using sieves of size 2000, 1700, 1400, 1180, 850, 500 and 212 µm, using equipment and 256 methods described elsewhere (Campbell et al., 2007) . The milled fractions were analysed using Barron's spectroscopy-based models, in order to estimate the proportions of Outer M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT samples were analyzed: two wheat types × two dispositions × one roll gap × eight fractions = the work, we preferred to generate data from contrasting wheats and milling conditions, to 263 serve the purposes of illustrating the approach and allowing tentative new insights.
264
The protocol for spectroscopic analysis of the samples was based on the method described by 
312
The total is reported as the average for each component in Table 1 , for each wheat type under 313 each milling disposition. Ideally, these averages would be the same under both dispositions,
314
and identical with the predicted compositions of the whole grains. Inspection of Table 1 315
shows that there are some significant discrepancies, which underline again the inherent errors 316 in the prediction method and in its application to UK wheats. Nevertheless, the data allow 317 the compositional breakage function approach to be demonstrated, with appropriate caution,
318
and using the averages rather than the data for whole wheat in order to ensure internal 319 consistency in the analysis. The justification for this is that the average values are averaged from eight measurements, compared with just one for the whole wheat samples, and that in any case the PLS models were developed for milled stocks rather than for whole wheats M A N U S C R I P T
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ACCEPTED MANUSCRIPT (Barron, 2011) , so the results for the milled fractions might be expected to be more accurate than those for the whole wheats. for m 2 and n 2 describe a broad distribution of mostly small particles but extending to include the very large particles. Galindez-Najera and Campbell (2014) described a mechanism for Type 2 breakage that explains the co-production of the very large bran particles and the small Endosperm particles, and hence why they are described by the same Type 2 breakage function. Type 1 particles. We must remember that these distributions combine the particle size 403 distribution and the composition of those particles, such that the shapes of these curves is 404 dominated by the shape of the overall particle size distribution. The fit to the data is good, 405 but this data does not show clearly the concentrations of components in these particles. We 406 will focus on the concentrations in a moment, once we have considered results for the 407 Intermediate Layer.
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408
As noted above, the concentration functions can be found by inserting the Double
409
Kumaraswamy Functions fitted to the particle size distribution and to the compositional 410 distributions into Eqn. 12. Once again this is illustrated in relation to Outer Pericarp: Table 2 .
468
Considering the particle size distribution in Figure 8 Table 2 . 
705
The data from both wheats under the two milling dispositions highlighted consistent patterns 706 and some distinctive differences that together give a degree of confidence that the apparent M A N U S C R I P T In a hard wheat these layers tended to break together, but separately in a soft wheat
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